Objective: To estimate variation between small areas in adult body mass index (BMI), and assess the importance of area level socioeconomic disadvantage in predicting BMI. Methods: We identified all census collector districts (CCDs) in the 20 innermost Local Government Areas in metropolitan Melbourne, Australia, and ranked them by the percentage of low income households (o$400/week). In all, 50 CCDs were randomly selected from the least, middle and most disadvantaged septiles of the ranked list and 4913 residents (61.4% participation rate) completed one of two surveys. Multilevel linear regression was used to estimate area level variance in BMI and the importance of area level socioeconomic disadvantage in predicting BMI. Results: There were significant variations in BMI between CCDs for women, even after adjustment for individual and area SES (P ¼ 0.012); significant area variation was not found for men. Living in the most versus least disadvantaged areas was associated with an average difference in BMI of 1.08 kg/m 2 (95% CI: 0.48-1.68 kg/m 2 ) for women, and of 0.93 kg/m 2 (95% CI: 0.32-1.55 kg/m 2 ) for men. Living in the mid versus least disadvantaged areas were associated with an average difference in BMI of 0.67 kg/m 2 (95% CI: 0.09-1.26 kg/m 2 ) for women, and 0.43 kg/m 2 for men (95% CI: À0.16-1.01). Conclusion: These findings suggest that area disadvantage is an important predictor of adult BMI, and support the need to focus on improving local environments to reduce socioeconomic inequalities in overweight and obesity.
Introduction
The prevalence of overweight and obesity is rapidly increasing in most developed countries and for the first time, life expectancy is predicted to decline in the coming years as a consequence. 1 The health effects of obesity are wide-ranging, and include higher risks of type 2 diabetes, cardiovascular disease, osteoarthritis, and various cancers. 2 In developed countries, the prevalence of overweight and obesity is estimated to be between 50 and 65% 3, 4 and now ranks as a major public health concern. In most Western >countries, there are inverse gradients between socioeconomic position (SEP) and adult BMI, [5] [6] [7] [8] with the most disadvantaged groups at greater risk of being obese or overweight. While individual risk factors such as SEP are important determinants of adult BMI, the role of environmental determinants has been relatively neglected until recently. Researchers are now directing attention to the possible importance of neighbourhood environments, 9, 10 arguing that environments that do not support participation in physical activity, and/or promote over-consumption of food, can lead to higher rates of obesity. [11] [12] [13] It is not clear, however, whether there are differences between areas in adult BMI, as the evidence to date is inconsistent: one US study found statistically significant variation in BMI between census tracts, 14 while another study from the Netherlands did not find variation between boroughs in Amsterdam. 7 In addition to individual SEP being an important predictor of adult BMI, it is possible that levels of area disadvantage may also play a role. Ecological studies have demonstrated that BMI is higher with increasing levels of area disadvantage. 15, 16 Recently multilevel methods have been used in research on the social determinants of BMI, enabling researchers to partition variation in BMI between individual and area levels, as well as to describe the effects of individual (e.g. individual SEP) and area level (e.g. % low income) variables. Multilevel studies in Sweden and the Netherlands have found that increased risk of overweight and obesity is associated with higher levels of area disadvantage. 7, 17 However, Chaix and Chauvin found that the risk of overweight and obesity was only associated with area level GDP for blue collar workers. 18 In US women, area level disadvantage has also been associated with higher BMI 14 and state income inequality has been positively associated with higher BMI among women with household incomes below $25 000. 19 In this paper, we present evidence about the importance of area effects on BMI. In a multilevel study of 50 small areas in Melbourne, Australia, we estimate the differences between areas in BMI, and the extent to which area level disadvantage is associated with individual BMI in adult men and women.
Methods

Sample areas and population
This cross-sectional multilevel study was conducted in an area extending approximately 20 km from the central business district in Melbourne, Australia, encompassing the 20 innermost local government areas. Melbourne is the capital city of the southern state of Victoria, with a population of 3 400 000 counted at the last census (August 2001).
Using a two stage sample design, we selected 8000 individuals from 50 Census Collector Districts (CCDs). A CCD is the basic geographic unit used by the Australian Bureau of Statistics (ABS) to collect census data and contains an average of 200 private dwellings. 20 As the study was Melbourne based, the CCDs in the study area were more densely populated, with an average of 557 residents, and a mean size of 0.34 km 2 . CCDs were first stratified into septiles according to the percentage of households with an income of less than $400 per week. A total of 50 CCDs were randomly selected from the upper (n ¼ 17), middle (n ¼ 16) and lower (n ¼ 17) septiles. The $400/week threshold was based on consultation with key individuals in Australia working on area socioeconomic disadvantage and health, and includes 15% of Australian households (the next ABS income band had 25% of households making it a less sensitive indicator of very low income households (John Glover, The Public Health Information and Development Unit, University of Adelaide, Personal Communication)).
In the second stage, individuals and households from these areas were selected. One of two surveys was distributed to selected residents in the sampled CCDs: one focussed on food purchasing, and the other on physical activity. Using the electoral roll, all residents aged 18-74 years in each CCD were identified. In Australia, voting is compulsory for persons aged 18 years and over, so the electoral roll provides near-complete coverage of the resident adult population. We then identified all households in the CCDs. For the food purchasing survey, we randomly sampled at the household level (3995 households), and directed the survey to the person who did most of the food-purchasing (this is because we were interested in understanding food purchasing decisions in the household). For the physical activity survey, 4005 households were randomly selected, and one adult aged 18-74 years was randomly selected from each of these households. Up to five contacts were made with respondents including a presurvey introductory letter, the survey with an incentive enclosed (movie ticket), a thank-you postcard, a reminder letter and another copy of the survey and a final reminder letter to nonresponders. 21 Valid responses were obtained from 4913 persons giving a response rate of 64% for the food purchasing survey, and 59% for the physical activity. Of these respondents, 467 were excluded from the analysis due to: missing height/weight data (n ¼ 398); because they were pregnant (n ¼ 64); missing age or gender (n ¼ 5). Characteristics of the areas and response rates are presented in Table 1 .
As Table 1 shows, in both surveys, the response rate was socioeconomically graded, with the rate being highest and lowest in the least and most disadvantaged areas, respectively.
More than two-thirds of our sample (71%) were women, since the Food Shopping respondents were predominantly female (85%). These were targeted because the majority of household shopping is conducted by women. 22 In all, 44%
of the physical activity survey participants were men. Survey of area-level social disadvantage and overweight/obesity in Australia T King et al
Outcome variable
The outcome variable was BMI modelled as a continuous outcome. This was calculated by dividing self-reported weight (in kilograms) by the square of self-reported height (in metres).
Area level socioeconomic disadvantage Area socioeconomic disadvantage was categorised as high, medium or low, and reflected the septiles used to sample the CCDs (see Table 1 for sample area information).
Individual-level variables
Information on age and gender was obtained from the survey responses or (in the case of the physical activity surveys) from the electoral roll data if these items were missing. For the food purchasing survey, use of the electoral roll to obtain missing data was not always possible. Age was classified into six categories (18-24, 25-34, 35-44, 45-54, 55-64 and 465 years).
Occupation was coded to the Australian Standard Classification of Occupations (ASCO), 23 a measure which groups occupations requiring similar levels of education, knowledge, responsibility, on the job training and experience. Occupation was subsequently recoded into three groups for analysis: professionals (managers, administrators, professionals and para-professionals); white-collar employees (clerks, salespersons and personal service workers); and blue-collar employees (tradespersons, machine operator, drivers, labourers and related workers). A fourth category 'not working' was created for respondents who were retired, studying, unemployed, not looking for work, or unable to work.
Respondents were asked to provide their highest school level completed and whether they had completed further education since school. Responses were recoded to the highest education level completed within groupings of: bachelor degree or higher; diploma (associate or undergraduate); vocational; and no post school qualification.
The household income item comprised 14 income categories and respondents were asked to provide an estimate of the total before tax household income. Household income was recoded into five categories using cut points of: $20 800, $36 399, $52 000 and $78 000. Categories for missing responses were also fitted for occupation, income and education but are not reported in this paper.
Analysis and modelling strategy
The data were analysed using MLwiN version 2.1c, using a two level random intercept model. 24 We analysed men and women separately to accommodate differences in the determinants of BMI for men and women. To estimate between area variance in BMI, we first fitted a two-level random intercept model adjusted for age and survey type (food purchasing or physical activity). Second, we added individual level socioeconomic measures (income, occupation and education) to examine their effects on individual and area level variance estimates. Third, we included area level socioeconomic disadvantage (with age and sex) to assess its effect before adjustment for individual SEP. Finally, we tested a model including all level 1 fixed effects and area level socioeconomic disadvantage at level 2. To estimate trend across the areas based on strata of socioeconomic disadvantage, we fitted strata as a continuous variable.
We used iterative generalised least squares (IGLS) regression. When fitting categorical variables the most frequent category was used as the baseline. Results are presented as b estimates, which can be interpreted as the absolute change in BMI units between the reference and the specified category. A 5% significance level was used and 95% confidence intervals are reported on all estimates. The significance of area level variance was tested using 'Wald like' statistics and the P-values are based on a w 2 distribution. 24, 25 Intraclass correlation coefficients were calculated by dividing the area level variance by the sum of the area and individual variance.
Results
Using 55.4% of men and 40.3% of women were overweight or obese, and 14.4% of men and 13.6% of women were obese. Table 2 presents the distribution of the predictor variables and the mean and standard deviation of BMI for each variable. There was a gradient in the mean BMI across area level disadvantage, for men and women, with the highest mean BMI in the most disadvantaged group. Table 3 presents the regression coefficients from the multilevel linear regression models.
Men
When adjusted for age and survey type, the area level variance in BMI was marginally insignificant (P ¼ 0.07). This was further reduced when adjusted for individual SEP and area level disadvantage.
After adjustment for age, survey type and area level disadvantage, the difference in average BMI for men living in the most disadvantaged versus the least disadvantaged areas, was 0. 
Women
There was significant area level variance in BMI (P ¼ 0.001) after adjustment for age and survey type. The ICC was 3.5%.
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In model 3, the area level variance was reduced by 40% (compared with model 1) after adjustment for area level disadvantage, but the variance remained significant (P ¼ 0.005). 
Discussion
To our knowledge, this is one of the first studies to estimate small area differences in BMI and the role of area level socioeconomic disadvantage as a predictor of individual BMI. The study demonstrates significant area variation in BMI for women even after adjustment for individual and area disadvantage; however, we did not find significant area variation for men. Furthermore there appears to be a graded increase in BMI from least to most disadvantaged areas for both men (b ¼ 0.47, 95% CI: 0.16-0.77) and women (b ¼ 0.54, 95% CI: 0.24-0.84). Our results suggest that area level disadvantage may be at least as important as individual SEP in explaining individual differences in BMI, and are consistent with a number of studies that have demonstrated an inverse association between BMI and area disadvantage. 10, 14 Based on the fully adjusted models, we found that for a woman of height 1.65 m and weight 65 kg (BMI ¼ 23.9), living in the most disadvantaged areas would be associated with a mean positive difference of 1.08 kg/m 2 , or about 3 kg more weight, than if she was living in the least disadvantaged areas. Similarly, for a male of 1.75 m in height, and 75 kg, with a BMI of 24.5 living in the least disadvantaged area; living in the most disadvantaged area would be associated with a 0.93 kg/m 2 difference in BMI, and almost three extra kilograms in weight. These results might be interpreted as a shift in the population distribution (and mean) of BMI in the most disadvantaged areas compared to the least disadvantaged areas. That is, the population distribution of BMI for the most disadvantaged areas is positioned to the right of the least disadvantaged areas' population distribution of BMI. As Rose points out, 26 the population mean of a risk factor such as BMI is a predictor of the population distribution of that risk factor. The differences in BMI between strata of area disadvantage may be associated with small increased risks of morbidity and mortality for individuals, but may account for a large increase in the burden of disease at the population level. It is possible that the effects, we describe may explain some of the differences in morbidity and mortality across different socioeconomic groups. Area differences in BMI might be explained by variations in price and availability of healthy food and/or presence of 
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T King et al Survey of area-level social disadvantage and overweight/obesity in Australia T King et al environments that support physical activity. For example, poor access to recreational facilities, and an absence of footpaths/sidewalks has been associated with obesity, 9 and higher levels of urban sprawl have been found to be associated with an increased risk of being overweight and obese. 27, 28 Land use mix has been shown to be associated with obesity. 29 Housing density and land use mix have also been found to be determinants of walking.
30
A possible explanation for why BMI varies by area disadvantage is that access to food choices and opportunities for physical activity vary according to area level disadvantage. Reidpath et al. 31 found that people living in areas of socioeconomic disadvantage had 2.5 times the exposure to fast food outlets than the least disadvantaged socioeconomic group. Similarly, a study in the United States found that fast food restaurant density was associated with predominantly black and low-income neighbourhoods, even after controlling for commercial activity, presence of highways and median home values.
32
Our study has some limitations. First, we had more women than men -this was largely due to the fact that the food purchasing sample mainly contained women. The smaller sample of men reduced our power to describe area level variation in BMI. As Diez Roux argues, provided there are sufficient people in each higher level unit, multilevel studies tend to have more power to detect fixed effects of area variables than between area variation. 33 It is therefore possible that while we maximised socioeconomic variability (and therefore increased the possibility of describing differences between areas in terms of area disadvantage), our smaller sample of men may have limited our power to detect between area variation. Second, consistent with other studies 34 our response rate among low SEP groups was somewhat lower than among high SEP groups. A comparison of our physical activity sample with census data revealed that we may have under representation of: households in the lowest income quintile, persons with no post-school qualifications, blue-collar workers, men and persons aged 18-24 years. Furthermore, missing BMI data showed a socioeconomic gradient for both genders, with respondents from the most disadvantaged areas being more likely to have a missing BMI value. The lower participation rates by disadvantaged groups may have resulted in an underestimation of the true magnitude of socioeconomic differences, due to an under-representation of low SEP individuals who may also be more likely to have higher BMIs. Third, self-reported BMI measurement is associated with systematic error. 35 Most people tend to overestimate height, and underestimate weight. Furthermore, overestimation of height is greater with increasing BMI, lower education, and lower status occupations. 35 The net effect of such biases is to reduce apparent socioeconomic differences in BMI, making them more difficult to detect. So while we acknowledge the presence of these biases, we argue that their net effect may lead to an underestimation of the effects of area level disadvantage on BMI.
Fourth, as with most multilevel studies 36,37 our choice of CCD as the area unit was made for reasons of sampling and analytic convenience rather than being underpinned by an explicit theory linking area level socioeconomic disadvantage and BMI; hence associations among these variables are likely to be underestimated. Finally, it might also be argued that our finding of an association between area level disadvantage and BMI was confounded by individual-level socioeconomic factors not included in the models. This, of course, remains a possibility, however, we included three of the most widely used indicators of a person's socioeconomic characteristics (i.e., education, occupation and income) and given the correlation among socioeconomic measures 22 it is likely that these markers of SEP would, to some extent, also be capturing the unmeasured influences of other socioeconomic factors excluded from the models. As a counterpoint to the foregoing issue, it may be that the inclusion of individual-level measures of SEP resulted in 'over-adjustment', which argues for the possibility of an even stronger contextual effect on BMI than was observed in this study. In other words, if education, occupation and household income represent part of the pathway via which area level disadvantage influences the BMI of the residents of the areas, then simultaneously modelling individual level socioeconomic variables may well have served to inappropriately attenuate (i.e. absorb) the variation that was more correctly attributable to area level disadvantage. 33, 38 There are many further research questions raised by the findings of this study. The effect of living in the most disadvantaged areas was significant and similar in magnitude for both men and women. For areas of mid-level disadvantage, the effect was of similar magnitude for both genders, but was only statistically significant for women. It does appear, however, that between area variation in BMI is greater for women than men, suggesting that women may be more susceptible to the effects of environmental determinants of BMI. This could be investigated in future studies.
In summary, this study shows strong effects of area level socioeconomic disadvantage on adult BMI as well as between area differences in BMI for women. There is a need for further studies to investigate the environmental characteristics that explain these differences. However, our study highlights the need for public health policy-makers and practitioners to focus on local areas when developing interventions to reduce overweight and obesity in disadvantaged groups.
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